ABSTRACT. The physical properties of snow are tied to its microstructure. Especially for the slow, plastic deformation of snow and firn, the crystal orientation is an important factor in addition to the geometry of the ice matrix. While micro-computed tomography measures the snow microstructure precisely, it gives no information about the orientation of the ice crystals. In this study, we applied a temperature gradient of 50 K m -1 to large blocks of undisturbed decomposed snow and sieved snow during 3 months. The mean temperature of the snow samples during the temperature gradient experiment was -208 8C. Two closely spaced snow samples were taken before the experiment, then every week during the first month and afterwards every month. From each sampling, one sample was analyzed by micro-computed tomography and the other was used for thin sections. The orientation of the c-axis was measured in the thin sections using an automatic ice texture analyzer. Initial density was 30% higher in the sieved snow sample. Density and specific surface area evolved alike, while the fabric showed a different evolution between the two samples. The undisturbed snow evolved from a weak single-maximum fabric towards a weak girdle fabric, while the sieved sample showed no evolution. The undisturbed snow sample converged toward the sieved sample fabric after 6 weeks, but continued its evolution thereafter. We suggest that the main factor causing this different behavior is the difference in density and in pore size.
INTRODUCTION
Snow crystals are crystallographically anisotropic, as expressed in their immensely variable shape (Nelson, 2001 ). Plate-like crystals are short in the c-axis direction, while columns and needles are long in the c-axis direction. If snow fell with a small range of shapes, each snowfall might create a layer where the texture, the arrangement and orientation of the crystals has a strong peak in orientation. (The definition of the terms texture, microstructure and fabric follows Durand and others (2006) . Texture includes both microstructure and fabric: the microstructure is given by the outer geometry of the ice structures, and fabric refers to the orientation of the c-axes.) In fact, Magono and Suzuki (1967) showed that the c-axes of snow dendrites are close to perpendicular to the surface of the crystals. Takahashi and Fujino (1976) and De Quervain (1983) measured the fabric of a few snow samples, but the data are too few to draw firm conclusions. However, the texture of new snow on the ground has never been intensively studied, which leads to the question whether this potential anisotropy is formed and maintained during metamorphism. During temperature gradient metamorphism, the snow crystals (grains) completely recrystallize, and the newly formed grains can have a different grain size, shape and orientation (Pinzer and others, 2012) . Time-lapse observations show a random growth and decay of snow grains, but no information about crystal orientation can be gained from these data (Pinzer and Schneebeli, 2009; Pinzer and others, 2012) . Nevertheless, the preferential growth of the basal and prismatic face of the ice crystal is temperature-dependent ( Kuroda and Lacmann, 1982) , so it is straightforward to imagine that crystals with an initial orientation conducive to preferred growth become dominant. This is derived from qualitative observations in snow profiles, where cups grow preferentially downwards (Sturm and Benson, 1997) . Adams and Miller (2003) observed preferential growth of crystals from vapor onto an oriented substrate, and speculated on the effect of depth-hoar development in snow. From these experiments, the favored orientation growth will strongly depend on the temperature and level of supersaturation, and also on the available pore space in the preferred growth direction. However, the very few studies of crystal orientation in snow and superficial firn leave open the validity of these assumptions (Bader and others, 1939; Stephenson and Lister, 1959; Takahashi and Fujino, 1976) .
Accurate knowledge of fabric anisotropy is crucial for the mechanical behavior of snow layers, but is also important for understanding metamorphism. Ice has a very strong visco-plastic anisotropy depending on the orientation of the shear plane (Duval and others, 1983) . Snow with a fabric of preferred orientations will then densify differently (Theile and others, 2011) . Indeed, the origin of non-isotropic fabrics measured in polar firn remains unclear, and needs to be better understood to constrain firn densification modeling (Durand and others, 2007; Hö rhold and others, 2011; Montagnat and others, 2012) .
The automatic ice-texture analyzer (AITA) developed by Wilson and others (2003) has enabled fast and precise measurement of the fabric of many small ice crystals. It is the first fully functional instrument to measure c-axis orientation in ice, and is based on many earlier attempts (Good, 1970; Heilbronner and Pauli, 1993) to improve the precision and speed of the Rigsby stage (Rigsby, 1951) . The high spatial resolution provided by the AITA (close to 5 mm) makes it practical for snow.
X-ray microtomography (mCT) is used to obtain threedimensional (3-D) images of snow samples and their structural parameters (Flin and others, 2004; Schneebeli and Sokratov, 2004; Kaempfer and others, 2005) and has become a standard to characterize the complete snow microstructure. Diffraction contrast tomography (Ludwig and others, 2009; Rolland du Roscoat and others, 2011) provides combined information on fabric and microstructure. However, this technique is not yet sufficiently developed to be applied to a large number of crystals, such as occurs in a natural snow sample.
The goal of our experiment was to analyze the microstructural change in the geometry combined with the evolution of the c-axis orientations and number of ice crystals during temperature gradient metamorphism of a snow sample. We used large blocks of naturally deposited and sieved snow. Most of the snow crystals were dendritic or platelets. The sieved snow was from the same snowfall as the undisturbed blocks. The blocks were metamorphosed under a temperature gradient of 50 K m À1 in the laboratory for $12 weeks, purposely at the low temperature of -20 C, to be closer to the conditions of a polar snowpack. Based on the measurement of residence time, defined as the average time a snow grain exists, the experiment included about 11 generations, i.e. complete sublimation-deposition of a crystal (Pinzer and others, 2012) . About every 2 weeks a snow sample was extracted and analyzed. The sample was used to make thin sections and microtomographic images.
The most obvious difference between the two samples, which persisted during the experiment, was in their density. The initial fabric also differed slightly between the two groups. We analyzed and interpreted the evolution of microstructure and fabric to determine the differences between these two samples.
METHOD Experiment
A block of 30 Â 30 Â 30 cm 3 of homogeneous natural dry snow was extracted from the snow cover at 2540 m altitude in Davos, Switzerland. The experiment was prepared in a large box (50 cm wide, 100 cm long) with insulated walls and an electrically heated and temperature-controlled bottom plate. First, the bottom was covered with a 2 mm thick solid ice layer. Then the block was placed and cut to a height of 20 cm. Around the block, the box was filled up to a height of 20 cm with sieved snow to allow homogeneous temperature conditions. The temperature at the bottom was set to -158C, and the air temperature to -258C, causing a temperature gradient of 50 K m À1 through the snowpack. Temperatures at the top and bottom of the block were measured with temperature sensors (iButton DS1921L, Maxim Integrated Products) with an accuracy of AE0.58C.
A first sample was extracted from the natural snow block (Group 1) before being submitted to the temperature gradient. Afterwards, five samples were extracted after 1, 2, 4, 6 and 12.5 weeks. The samples were always cut out 10 cm below the top of the block. The same procedure was used for samples of sieved snow (Group 2), with a total of five samples after 0, 1, 4, 6 and 11.5 weeks (the last sample was collected 1 week earlier than the last Group 1 sample). The same snow as in Group 1 was used for sieving. The initial snow of Group 1 was classified as partly decomposed precipitation particles, and the initial snow of Group 2 as wind-broken precipitation particles (Fierz and others, 2009 ). The initial structural properties of the two groups at t ¼ 0 week are shown in Figure 2 .
Once extracted, the samples were scanned with the mCT to measure the geometrical properties of the microstructure and afterwards filled with diethyl phthalate to make thin sections and analyze the c-axis orientations (fabric) with the AITA.
X-ray tomography and microstructural parameters
The technique used in the present study has been described elsewhere (Kaempfer and others, 2005; Riche and Schneebeli, 2010) . We therefore summarize the main characteristics briefly. The 10.8 mm height of each sample was scanned in a 36 mm diameter probe in a micro-CT 80 (Scanco Medical). The 3-D image resolution was 18 mm. Image Processing Language (IPL) was used to segment the 3-D images. A block of 600 3 voxels (10:8 3 mm 3 ) was extracted at a fixed position of the mCT measurement. A Gaussian filter was used on this volume (sigma = 1, support = 2), then an adaptive threshold was applied to segment the image between air and ice. Grain thickness Th, pore size Sp, volume density and SSA were evaluated from the 3-D image, using a surface triangulation method implemented in IPL (Hildebrand and Rü egsegger, 1997; Hildebrand and others, 1999) . To calculate the degree of anisotropy of the structure (DA-S), the orientation and area of the triangles were calculated (Hildebrand and others, 1999) . A polar histogram with 30 bins was calculated based on the area and orientation of the triangles. A second-order tensor was calculated from the histogram. DA-S is then the ratio between the major and minor eigenvalues. The structure is isotropic when DA-S = 1 ( Thorsteinsson and others, 1997; Hildebrand and others, 1999; Schneebeli and Sokratov, 2004) .
Thin sectioning and fabric measurements
Thin sections were cut out of the impregnated samples to a thickness of 120-150 mm as described by Riche and others (2012) . Once prepared, the thin sections were analyzed with the AITA. The AITA is an automated polarizing optical microscope G50 (Russell-Head Instruments) that determines the orientation of the c-axes of uniaxial crystals at each pixel in the field of view others, 2003, 2007) . The analyzer provides a spatial resolution of 6.5 mm per pixel and an angular resolution for the c-axis orientation of $3 (Peternell and others, 2009 ). The impregnated thin section consists of ice crystals surrounded by diethyl phthalate (DEP). Crystallized DEP is birefringent and disturbs the observation of ice crystals under polarized light. To liquefy the DEP, a few drops of tetraline (solvent for DEP) were added at the edge of the section. We verified that this operation caused only very slight rotation or translation of a few of the smallest snow crystals. These rotations would induce errors below the range of accuracy of the AITA. Three horizontal thin sections were randomly cut out of each sample, and a total of 100-300 grains per sample were analyzed. For each pixel, the analyzer provides the orientation of the c-axis, relative to the thin section (horizontal plane), in spherical coordinates: the azimuth (angle in the horizontal plane, 0-360 ) and the co-latitude ' (angle in the vertical plane, 0-180 ). Based on azimuth and co-latitude, a colored image is produced (Peternell and others, 2009 ). Hue indicates the azimuth. Decreasing brightness stands for decreasing co-latitude (black stands for a vertical c-axis). For each pixel, a quality factor (0-100%) is provided, which depends on how well the orientation could be determined. The raw data serve to produce eigenvalues of the orienta-tions and to calculate the Schmidt plot, a stereographic projection of the c-axes. The number of crystals in a volume can be estimated by the Rhines-DeHoff relation N A ¼ E N ½HÁN V , where N A is the number of counted crystals in the section, E N ½H the mean particle height, corresponding to the thickness Th, and N V is the number of particles per unit volume (Baddeley and Vedel Jensen, 2005 , section 11.1.1).
The number of crystals was counted on a slice within the reference area of 8:4 Â 8:4 mm 2 (Fig. 3) . Close observation of the images showed that complex shapes of new snow, as capped columns, were split into several blobs of the same color. This also occurred for depth-hoar crystals. We counted such neighboring blobs of the same color with identical orientation as a single crystal. By combining the thickness of ice structures from mCT with the counting of crystals on the thin section, we estimate that the error in the number of crystals is <10%. We are aware that this method of counting may not be unbiased. However, the dissector technique (Baddeley and Vedel Jensen, 2005) was impossible to apply, as we cannot produce consecutive thin sections.
Processing of the fabric measurements
The raw data produced by the AITA were analyzed using a MATLAB toolbox based on Durand and others (2006) . This toolbox, originally designed for thin sections of solid polycrystalline ice, had to be adapted to snow samples. To this end, a new filter was added to the toolbox to suppress air pores. In a first step, the 'black' (in reality transparent and not birefringent) DEP pixels are removed by thresholding. In a second step, an opening operation is performed, which removes spurious pixels at the interface between the ice crystals and the liquid DEP. In a second step, the data are filtered following Peternell and others (2009) , and all pixels with a quality factor lower than 70% are removed. Pixels with co-latitude and azimuth equal to zero were considered as artifacts and eliminated.
Spherical data, as produced for the c-axis orientation data, are commonly analyzed by a transformation to a second-order orientation tensor (Fisher, 1993) . The tensor a ð2Þ is given by
where c k is the crystal orientation of one measured pixel of the thin section, given in spherical coordinates, is the tensor product and N p is the number of measured pixels in the thin section. Since the c k values are obtained at pixel size, the definition of a ð2Þ given by Eqn (1) implicitly takes into account the volume fraction of grains. The eigenvectors of a ð2Þ give the axis directions of the ellipsoid containing the orientation distribution. The eigenvalues, a 1, 2, 3 , (with 1 > a 1 > a 2 > a 3 > 0 and a 1 þ a 2 þ a 3 ¼ 1) give the length of the three principal axes (the eigenvectors) of this ellipsoid. By definition, when the fabric is isotropic, the three eigenvalues are equal to 1=3. A single-maximum fabric is given when the majority of the c-axes of the crystals are vertical, and a girdle fabric is where the c-axes are randomly oriented in the horizontal plane (in our case the plane of the thin section). When two eigenvalues are close and smaller than 1/3, the fabric is a single-maximum fabric, and when two eigenvalues are close and larger than 1/3, the fabric is characterized by a girdle. A supplementary visualization tool which reveals the evolution and strength of the fabric is based on Fisher (1993) . Here the logarithms of the ratios a 1 =a 2 and a 2 =a 3 are used as ordinate and abscissa. We also defined a degree of anisotropy for the orientation (DA-O), as DA-O = a 1 =a 3 . If DA-O = 1, the distribution of the c-axis orientation is isotropic.
RESULTS

Evolution of the snow microstructure
The evolution of the geometrical microstructure was evaluated using the mCT images (Fig. 1) . Temperature gradient metamorphism caused the snow structure to evolve from decomposed and fragmented precipitation particles (DFdc for Group 1 and DFbk for Group 2) to small rounded grains (RGsr) and to large depth hoar (DHcp).
The image of the natural snow block, Group 1, shows the preferentially horizontal arrangement of the snowflakes at week 0. The snow crystals were mainly platelets and dendrites. Small facets (edges) were observed after the first week, followed by the formation of larger facets and finally large cup crystals. This initial structure was completely dissolved after 4 weeks. The structure after 4 weeks corresponds to solid faceted particles (FCso). Pores grew much larger, and most grains were spaced at least two crystal sizes from each other (Sp gr1 =Th gr1 ratio). After 12.5 weeks, well-defined depth hoar had formed with local chain-like structures in the vertical direction. Pores were even larger, and facets could grow unhindered at the bottom side of the structures.
The initial image of the sieved snow block, Group 2, shows no preferential horizontal arrangement of the grains. Pores were smaller than in Group 1. Again, the initial structure completely changed after 4 weeks, but facets were expressed much less than for Group 1, and the individual crystals were more rounded. Well-formed depth hoar (DHcp) developed after 11.5 weeks. In morphology, but not size, the crystals of Groups 1 and 2 were very similar.
The basic structural parameters, density, specific surface area (SSA) and grain and pore thickness, are shown in Figure  2 . For Group 1, the density evolved from 178.4 kg m À3 at week 0, to 294.8 kg m À3 at week 12.5. For Group 2, it evolved from 255.7 kg m À3 , to 369.1 kg m À3 at week 11.5. The two snow blocks differed in density by 30%, while the SSA, as well as the thickness of the ice structures, was almost identical. Similarly, density evolved alike, increasing by $30% ($100 kg m À3 within 3 months). SSA decreased more or less linearly by almost 50%, again alike for natural and sieved snow (Group 1: 22.1 mm -1 to 9.3 mm -1 ; Group 2: 19.9 mm -1 to 9.3 mm -1 ). The pore size of the two samples differed, however, by $20%. It increased steadily during metamorphism, and was, together with density, the outstanding contrast between the two samples.
Evolution of c-axis orientation
Thin sections, colored with respect to azimuth and colatitude, are shown in Figure 3 . The number of crystals decreased about linearly from $32 mm À3 to $3 mm À3 for Group 1 samples, and from $32 mm À3 to $6 mm À3 for Group 2 samples. The number of crystals in Group 2 increased in the first week due to settlement of the sieved snow. Afterwards, the same decrease in the number of snow crystals was observed as in Group 1 (Table 1 ).
The distributions of the c-axes for each block at the beginning and end of the experiment are shown in Figures 4 and 5 as Schmidt plots. The initial c-axes of the crystals were slightly more vertically oriented (concentrated in the center) for Group 1 than for Group 2. The Schmidt plot for Group 1 between the beginning and end of the experiment showed much more change than for Group 2. Below, we quantify this qualitative information using the eigenvalues of the second-order orientation tensor.
The evolution of the eigenvalues is shown in Figure 6 . For Group 1, a 1 decreased continuously while a 2 increased, toward values typical for a girdle-type fabric. In contrast, in Group 2, a 1 , a 2 and a 3 oscillate slightly around a constant value. For both groups, the a 1 eigenvalues remain larger than the others throughout the experiment, so the fabric remains anisotropic. These trends were supported by fitting a linear model between time and eigenvalues. The trends were all tested for statistical significance. The p-value is the probability that the trend is significantly different from zero. In Group 1, the trends for a 1 and a 2 are different from 0 with a p-value <0.01, and for a 3 with p < 0:1. The trends for Group 2 were all not different from zero, with p-values >0.5. The standard deviations for the eigenvalues (a 1 , a 2 , a 3 ) were calculated following Dur and others (2006) , by taking into account the effect of the limited number of grains on the estimation of the fabric parameters. This standard deviation is the same for all three eigenvalues, and was therefore only plotted for a 1 (see error bars in Fig. 6 ). The higher the number of grains, the lower the standard deviation (e.g. for Group 1, a i = 0.013 at week 0 (N a ¼ 927), and 0.027 at week 12.5 (N a ¼ 171) ).
The plot of the ratio between the eigenvalues (Fig. 7 ) differentiates the evolution between the two groups. According to Woodcock (1977) , the ratio ¼ lnða 1 =a 2 Þ=lnða 2 =a 3 Þ gives objective information about the fabric shape: > 1 for single-maximum fabric and < 1 for girdle-type fabric. For Group 1, although the fabric concentration remained weak, it evolved from a single-maximum fabric to a girdletype fabric. The strength of the fabric orientation continuously decreased during the experiment. By contrast, the fabric of Group 2 did not evolve, as the variations in fabric are within the range of error from random variations. Note that around week 6, the fabrics of Groups 1 and 2 reached very similar characteristics, and their evolutions differentiated again thereafter.
The degree of anisotropy evolved alike for the structure (DA-S) and orientation (DA-O) for both groups (Fig. 8) .
Although the magnitudes of DA-S and DA-O differed, the curves are very close when scaled and offset. The magnitude of DA-S was about twice as small as that of DA-O. The structural anisotropy is therefore smaller than the orientation anisotropy. Both measures of anisotropy are initially large for Group 1 samples, and decreased. Note that the fabric did not evolve toward isotropy, but toward a girdle-type fabric, as the eigenvalues a 1 and a 2 were getting closer, corresponding to an in-plane isotropy. This anisotropy cannot be revealed by the DA-O parameter. The evolution of the DA-O of Group 2 was more scattered, although a slight tendency toward anisotropy seemed to appear, but this was not discernible from random error.
DISCUSSION
From mCT measurements, we find that the structural evolution of Groups 1 and 2, which differed in density by 30%, is characterized by almost identical absolute and relative decrease in SSA. This shows that the rate of decrease in SSA is not necessarily density-dependent. The structural evolution under the temperature gradient is similar to previous observations ( Schneebeli and Sokratov, 2004) . The evolution of the structural thickness, Th (Fig. 2) , is very similar for both groups within a range of 5%. Their evolution is alike, corresponding to the evolution of SSA. In contrast, pore size, Sp, is $15% higher in Group 1 than in Group 2. It increases slightly faster in Group 1 (natural) than in Group 2 (sieved). The rate of densification is, again, very similar for both groups. The increase in density during 12.5 and 11.5 weeks of the experiment is $30% for both samples. This is a relatively large increase, considering that the overload pressure at the location of the samples was only $25 Pa. The settling during the 12.5 weeks was, however, only 15%, and we assume that the increase in density was caused by sublimation of the bottom ice layer and subsequent deposition in the colder zone (Sturm and Benson, 1997) , where the samples were extracted. The grains metamorphosed in the classic sequence, from decomposed particles to faceted crystals and finally to chains of depth hoar. Based on Pinzer and others (2012) , we calculated that the crystals underwent at least 11 complete recrystallization cycles. This complete recrystallization explains why a reorientation of the fabric is physically possible.
In the range of density of concern in our samples ($200-400 kg m À3 ), the evolution of DA-S was very similar to that in Schneebeli and Sokratov (2004) . Lomonaco and others (2011) defined a structural degree of anisotropy which makes it possible to follow a change between vertically and horizontally elongated structure. With their definition, the structure of Group 1 evolves from a very slightly horizontally flattened grain structure to an isotropic one. The structure of Group 2 remains isotropic.
The initial weak, but clear, single-maximum fabric of Group 1 (a 1 ¼ 0:53) was also measured by Takahashi and Fujino (1976) . This observation contradicts the common assumption (see, e.g., Adams and Miller, 2003) that deposited snow on the ground consists of crystals with random orientation. However, this leaves open the question which kind of initial fabric would be formed by needles and columnar precipitation particles. The initial fabric of Group 2 remained anisotropic (a 1 % 0:48), only slightly less than for Group 1, but the microstructure was almost isotropic. The shape of the snowflake and the sedimentation could therefore play an important role in the initial texture orientation of the snowpack (Löwe and others, 2007) .
The main differences are found in the evolution of the anisotropy parameters, both structural (DA-S) and fabric (DA-O) anisotropy (Fig. 8) , and in the eigenvalue ratio (Fig.  7) . The initial structural anisotropy is about twice as small as the fabric anisotropy. Therefore we can neglect the impact of a structural change on the fabric evolution from a horizontal cross section. Indeed, Group 1 (natural snow) clearly shows an evolution from a weak single-maximum fabric with c-axes oriented in the vertical direction (perpendicular to the plane of the thin section) toward a transition between single-maximum and girdle-type fabric with c-axes oriented close to the horizontal (i.e. the plane of the thin section). In particular, the ratio a 1 =a 2 is continuously decreasing, and a 2 =a 3 slowly increasing. The fabric in Group 2 (sieved snow) exhibits a more scattered evolution, with little variation in the DA-O and DA-S parameters within the limit of accuracy of the data. Note that both DA-O and DA-S became very similar around week 6. Nevertheless, a closer observation of the evolution of the eigenvalues (Fig. 7) shows an evolution that DA-O only does not capture clearly. Figure 7 shows that Group 1 evolved from a weak single-maximum fabric towards a weak girdle-type fabric and bypassed Group 2 between weeks 4 and 6. In contrast, Group 2 remained a weak single-maximum fabric.
The evolution of the fabric toward a weak girdle type, as measured during the temperature gradient metamorphism experiment of Group 1 (natural snow), is very interesting. Indeed, a girdle-type fabric is measured on ice samples growing from the liquid phase under a temperature gradient, Fig. 2 . Evolution of density, specific surface area (SSA), structural thickness (Th) and pore size (Sp) for both groups. The estimated error in the density measurement is close to 10%. such as columnar S2 ice, with easy growth direction being parallel to the basal planes (Hillig, 1958; Fukuta and Lu, 1994) . This observation supports the hypothesis of Miller and Adams (2009) that crystals will grow with a particular crystallographic orientation during temperature gradient metamorphism. This favored orientation growth will strongly depend on temperature and level of supersaturation, and can also be triggered by the configuration of ice structure and pore ( Adams and Miller, 2003) . A girdle-type fabric coincides with the preferred orientation of single ice crystals at a temperature of -208C ( Kuroda and Lacmann, 1982) , as observed here.
Our observations are in qualitative agreement with the hypothesis of Adams and Miller (2003) . Furthermore, our experiment shows that the difference in density between two samples (natural snow sample 30% less dense than sieved snow sample), mainly characterized by differences in pore structure, impacts the efficiency of oriented growth. Marbouty (1980) and Pfeffer and Mrugala (2002) also mention the effect of density on depth-hoar formation.
Our study therefore suggests that fabric evolution during temperature gradient metamorphism is linked to density. Further studies will be needed to quantify this factor more precisely, and in particular the impact of pore size relative to density, as suggested by Adams and Miller (2003) .
CONCLUSION
The evolution of snow texture during temperature gradient metamorphism was observed and analyzed for a natural and a sieved snow sample. Our study demonstrates the ability of the AITA to perform high-resolution fabric measurements in low-density snow samples. Furthermore, we show complementarity between structural analyses using mCT and fabric characterization. We found that the initial crystal orientation in the snowpack was anisotropic, with a majority of c-axes vertically oriented. This anisotropy decreased during the temperature gradient experiment in the natural snow sample characterized by lower density, toward a weak girdle-type fabric with c-axes preferentially oriented in the horizontal plane. This evolution was not measured in the denser sample made of sieved snow, although the fabric of both samples became very similar between weeks 4 and 6. Pore space appeared to have a dominant effect on the fabric evolution. The low-temperature (-208C) experiment should be complemented at higher temperatures, as several transitions from preferred basal to prismatic growth are expected between -28C and -208C ( Kuroda and Lacmann, 1982) .
Although more experimental data are necessary to quantify and better understand the interactions between microstructure and fabric evolution during temperature gradient metamorphism, our study demonstrates that the evolution of the fabric could affect the differentiation of snow layers under natural conditions. The complex interaction between metamorphism, the evolution of the microstructure and the evolution of the fabric is still at an early stage of understanding. Fig. 6 . Evolution of the three eigenvalues of the second-order orientation tensor a ð2Þ for the two groups (gr1: Group 1; gr2: Group 2). An isotropic fabric would be characterized by three eigenvalues equal to 0.33 (dotted line). Error bars show the standard deviation of the measurements at the beginning and end of the experiment. They are the same for the three eigenvalues. Fig. 8 . Comparison of the degree of anisotropy of the structure (DA-S) and of the c-axis orientation (DA-O) for the two groups. Fig. 7 . Evolution of the fabrics of Groups 1 and 2 shown as the natural logarithm of the ratio of eigenvalues. The x-axis indicates girdle-type fabric, the y-axis single-maximum fabric. Group 1 evolves from a weak single-maximum fabric towards a weak girdletype fabric. Group 2 remains a weak single-maximum fabric. Wellexpressed fabrics have values of lnða 1 =a 2 Þ and lnða 2 =a 3 Þ around 6 (as described in Fisher, 1993, ch. 3).
